The processing of polymeric materials and the service of articles manufactured from them are accompanied with an interrelated change in volume V, pressure P, and temperature T. The processing of thermoplastics under conditions of high hydrostatic pressure in the solid aggregate state with the aim of producing articles by plastic deformation (die forming, sheet stamping, rolling, extrusion, etc.) is an economic and highly productive process for the processing of polymers (refs. 1-3), the practical implementation of which is being held back by a number of unresolved questions. This relates primarily to establishing the relationships between pressure, temperature, and the specific volume of the material under actual conditions of solid-phase moulding.
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The functional relationship between pressure, temperature, and specific volume in processes of thermal expansion and hydrostatic compression of polymers is presented graphically in the form of a fan of isobaric equilibrium (above T g or T m ) and non-equilibrium (below T g or T m ) lines converging in a "pole" (Fig. 1a-d) . To each fan of the P-V-T relationship there corresponds its own equation of state of the Van der Waals type:
where P, V, and T are respectively the external excess pressure, the specific volume, and the absolute temperature, Fig. 1 Diagrams of dependence of equilibrium (a, b) and nonequilibrium (c, d) P-V-T data of polymers: ---experimental; ---extrapolation sections of dilatometric lines at different pressures P and P ax (P 1 < P 2 < P 3 < P 4 < P 5 < P 6 ; P ax1 < P ax2 < P ax3 < P ax4 < P ax5 < P ax6 )
R is the universal gas constant, π and π sol are the internal pressure, M and M sol are the molecular weight of a polymer chain section in the equilibrium and nonequilibrium polymer respectively, M bing commensurate T/60 with the size of the monomer unit of the polymer (ref. 4) , and b 0 , b, b 0 sol , T 0 , and T 0 sol are the coordinates of the "pole" of the fan of dilatometric lines (Fig. 1a-d) , b 0 being equal to the Van der Waals volume of the macromolecules (refs. 4 and 5); the superscript "sol" relates to the solid polymer in the glassy or crystalline state.
Equation (1) (3) describes the non-equilibrium P-V-T relationships shown in Fig. 1c .
It must be pointed out that equation (2) is physically sounder than equation (1), since it takes into account the compressibility of the occupied volume b 0 and gives practically complete agreement of calculated data with experimental data (ref. 8) . Equation (3), like equation (2), describes the experimental data well.
From the fan of dilatometric lines (Fig. 1a-c ) plotted according to experimental data it is possible to determine the constants of the equations in the following sequence.
Pressure π (π sol ) and molecular weight M (M sol ) are calculated by means of the formulae
where ∆V 1 and ∆V 2 are the increase in the specific volume in the temperature range T 2 -T 1 and at pressures P 1 and P 2 (T 1 < T 2 ; P 1 < P 2 ). The values of T 0 and T 0 sol are determined by extrapolation of the P-V-T relationships as the coordinates of the "pole".
The constants b, b 0 , and b 0 sol are found directly from the equations of state with the known value V e = 0 and T = 298 K.
Thus, if experimentally obtained P-V-T relationships of the polymer are available, then determination of the constants of the equation of state presents no particular difficulties.
It is known, however, that units creating purely hydrostatic pressure and the experimental technique for obtaining data under conditions of hydrostatic compression are fairly complex.
In the present work, to obtain experimental P-V-T relationships of polymer alloys based on polyvinyl chloride (PVC), polystyrene (PS), and polyethylene (PE) in the solid aggregate state, use was made of one-sided axisymmetrical compression of the specimen in a cylindrical high-pressure cell (refs. 3 and 9) . Here, the method of repeated cyclic compression of the specimen under "loading-unloading" conditions until the establishment of a constant volume with prescribed values of temperature and pressure (ref.
3) was used. In refs. 7 and 8 it was shown that, for polymers in the high-elastic state at room temperature (rubbers and vulcanised rubber compounds), it is possible to create purely hydrostatic pressure using the above procedure under conditions of axisymmetrical compression. In the case of axisymmetrical compression of solids this is impossible, and the axial pressure P ax is always greater than the lateral pressure P lat . Therefore, the cylindrical high-pressure cell was equipped with a lateral pressure gauge (ref. 9) .
The hydrostatic pressure P h was determined by means of the formula
After experimental P-V-T relationships had been obtained for PVC and alloys based on it, the above procedure was used to determine the constants of equation of state (3) π sol , M sol , T 0 sol , and b 0 sol (Table 1 ). In ref. 8 it was shown that, for equilibrium P-V-T equations, the constants π, M, b 0 , and T 0 can be obtained by calculation without resorting to experiment. The present work proposes a method for calculating the constants of non-equilibrium P-V-T equation (3), based on data of the simplest experiment, which consists in measuring the volume of the specimen as a function only of P ax (Fig. 1d) . This relationship is characterised by the dilatometric lines having both a positive and a negative slope. This is due to the fact that, at each point of the dilatometric line, the hydrostatic pressure is different. It increases in the direction of increasing temperature through an increase in P lat , as a result of which the compressibility increases.
Of special interest is the fact that P-V-T relationships (Fig.  1d) , just like the non-equilibrium relationships (Fig. 1c) , converge to a "pole" at T 0 sol = 150 K. The nature of the P-V-T relationship at T < T g in the form of a fan of dilatometric lines with "pole" coordinates b 0 m and T 0 sol = 150 K for all polymer systems is due to the fact that the volume strain in the given region of the glassy state is due to chain flexibility or to the parameter of equilibrium rigidity of the macromolecules (ref. The method for calculating the constants of nonequilibrium P-V-T equation (3) is as follows.
From the experimentally obtained relationships V = f(T) P ax (Fig. 1d) , the isotherms V = f(P ax ) T are plotted, which are extrapolated to P = 0. Thus, the dilatometric line at P = 0 is obtained.
The dilatometric line V = f(T) P=0 is extrapolated to T 0 sol = 150 K, and b 0 m is determined. The internal pressure is adopted according to equilibrium P-V-T data (refs. 4 and 5). In the present work it is assumed that π = 480 MPa for materials based on PVC, π = 144 MPa for materials based on PS, and π = 320 MPa for materials based on PE.
From equation of state (3) at atmospheric pressure and T = 298 K, the constant M m is determined. As can be seen from Table 1 , the proposed scheme for calculating the constants of the equation of state ensures good agreement with experiment.
The proposed calculation scheme for determining the constants of the equation of state of polymers in the solid aggregate state has one shortcoming in that, when selecting the internal pressure, it is proposed to proceed on the basis of equilibrium values of π. Such an approach can be considered to be relatively correct only in the case of homopolymers. The problem of determining π is complicated in the case of modified polymer systems.
It is suggested that this problem be solved in the following way.
The experimental dependences V = f(T) P ax are taken in a wide temperature range including equilibrium and non-equilibrium parts (Fig. 2) . The constants of equation of state (2) π, M, b 0 , and T 0 are found from the equilibrium . g
(7)
The temperature T g is determined from the point of intersection of the equilibrium and non-equilibrium P-V-T dependence at P = 0.
After this, the dependences V = f(T) P ax are transformed into non-equilibrium dependences V = f(T) P by the above procedure.
Here, π sol = π, i.e. it is designated according to the equilibrium P-V-T dependence.
The graphic P-V-T dependence in Fig. 2 is of particular interest for selecting the schedules for the mechanical working of polymers at T < T g , since it makes it possible to obtain the dependence T g = f(P). Here, important information is provided by the sudden changes in volume found in the region of glass transition of the polymer on switching from the equilibrium fan to the non-equilibrium fan, and vice versa. The volume effects obtained clearly indicate that the hydrostatic pressure at the glass transition point suddenly changes the structure of the polymer, and here there is a sudden change in the compressibility of the polymer.
The obtained experimental and calculated P-V-T relationships of polymeric materials in solid phase make it possible purposefully to approach the development of schedules for die forming, sheet stamping, solid-phase extrusion, and other processes for the processing of polymers by means of plastic deformation.
